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Human cognition in general is based on a hypercomplex neuroanatomic network which we call the human connectome. 1 This connectome enables the brain to rapidly exchange information by means of corticocortical and cortico-subcortical pathways. Thus, the quality, complexity and strength of connectivity finally determine cognitive functionality.
In multiple sclerosis (MS), grey and white matter damage lead to continuous disruption of fibre tracts important for physical and cognitive functioning. Thus, multiple disconnection mechanisms may take place at the same time being responsible for the clinical picture of MS. [2] [3] [4] In the context of cognition, network functionality determines the quality of cognitive performance. The better the network efficiency, the better the cognitive outcome.
In MS, connectivity is affected by chronic and progressive neurodegenerative and neuroinflammatory processes. Here, cognitive decline most probably occurs upon break-down of distinct networks in socalled 'hubs', representing 'master neuroanatomical structures', where grey matter pathology plays a crucial role. 5 The clinical presentation of cognitive symptoms, however, may substantially differ between individuals despite a comparable scale of structural destruction. Therefore, the question is what finally determines the severity of apparent cognitive deficits? Obviously, the extent of structural damage per se is not directly related to cognitive decline. Mechanisms such as functional reorganization are able to mitigate deficits and can even behaviourally mask existing brain destruction at early stages.
In the past, task-related functional imaging studies have linked cognitive performance to activation maps showing increased and additional activation in patients already at disease onset 6 and with mild-to-severe cognitive impairment. 7, 8 These changes were interpreted in terms of autonomous compensatory changes and brain plasticity. Furthermore, cognitive rehabilitation studies were combined with brain imaging to monitor efficacy of intervention and to investigate whether induced functional reorganization may take place. Besides additional recruitment of brain regions, these studies reported increased brain activation in task-related areas. [9] [10] [11] Thus, the conclusion of all these studies was that spontaneous and induced functional reorganization takes place in MS. Given that the described findings were related to task performance, those changes were in line with our concept of 'adaptive' brain changes describing the brain's ability to adapt to brain injury, to counteract functional decline and to overcome disability.
Findings from more recent resting state network studies, however, also speak in favour of so-called 'maladaptive' brain changes, not having a behavioural correlate. More precisely, increased functional connectivity was described in those patients showing the worst cognitive performance. 12 Therefore, simple interpretation of imaging results alone does not allow concluding on 'adaptive' or 'maladaptive' brain changes. To seriously disentangle these processes, holistic approaches are needed including comprehensive neuropsychological assessments and longitudinal investigations. An adaptive or beneficial reorganization must be reflected by behavioural correlates over time. If there is no link between detectable brain changes and any functional outcome, then this may be interpreted as maladaptive compensation lacking any benefit for the patient.
In conclusion, at present, our understanding of cognitive decline in MS is that it most probably occurs as consequence of a network collapse where the preexisting network efficiency gets destroyed by the progressive nature of structural damage. 13 We propose that the time point of clinical manifestation and the extent of measurable deficits are a function of 'adaptive' functional reorganization and not a simple function of the degree of damage.
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In the multiple sclerosis (MS) community, there has been a lot of debate recently about the concept of functional reorganization, which is commonly defined as the brain's ability to adapt to structural damage. How can we classify whether such functional brain changes are a beneficial or maladaptive response to structural damage? There are two main approaches to measure brain function: the amount of localized activation within brain regions, a reflection of changes in local metabolism triggered by specific tasks, and functional connectivity levels, a reflection of communication between brain regions during a task or at rest. Originally, the concept of functional reorganization was framed around early imaging observations of seemingly beneficial
